Abstract. The names Glomeris guttata and G. connexa are each used for at least two different taxa, all of which show a dorsal colour pattern of four rows of light spots on a dark ground.
INTRODUCTION
At present, about seventy nominal species, some subspecies and about 300 additional varieties are named in the diplopod genus Glomeris (Chilognatha, Glomerida). Although varieties are no longer named, some of them may prove to be valid species as shown in HOESS & SCHOLL (1999) , and thus should not be neglected. Varieties were usually based on variations in colour pattern. In some species, each specimen -even of a large sample -looks different and can be individually recognized at least until its next moult. No one, however, has analysed the genetic basis of colour variation in Glomeris (e.g. by crossbreeding specimens of defined varieties) or tested to what extent colour variation in representatives of the genus Glomeris might be induced by environmental factors. Nevertheless, the colour pattern is normally used for identification; structural characters, viz. shape of the last tergite, grooves on the shield, sometimes telopods, are also useful. In the past, however, these characters have often not been applied strictly or have been expanded according to personal interpretations of the taxa. This resulted in many misinterpretations which have not been resolved until now. One of these taxonomic problems is linked with the names Glomeris guttata and G. connexa. Both names have each been used for at least two taxa, all referring to Glomeris species with four rows of light spots on a dark ground. VERHOEFF (1911) and ATTEMS (1926) assumed that these taxa form a group of closely related species. But four rows of light spots on a dark ground cannot be considered as a character of this group a priori, because other species like G. undulata C. L. Koch, 1844 , and G. hexasticha Brandt, 1833 , also have forms which show this character. In this paper, we demonstrate which name is valid for the taxa that were hitherto treated as G. guttata and G. connexa. Based on allozyme data, we also analyse the genetic relationships among all taxa that are involved here. In order to facilitate the comprehension of the treated taxa, a determination key and figures with the specific colour patterns are presented.
Fig. 1. Sampling sites of Glomeris connexa (triangles), G. tetrasticha (circles), G. valesiaca (squares) and G. guttata (stars).
Solid symbols: electrophoretically and morphologically examined samples; open symbols: morphologically examined samples, no electrophoresis; dots: samples that were identified according the key and that belong to the same species as the closest symbol. Ranges of G. valesiaca and G. guttata were compiled from literature and own samples, and are indicated by dashed and dashed-pointed lines, respectively.
The zymograms were photographed on Polaroid. Allele frequencies and Nei-distances D (NEI, 1972) were computed with the BIOSYS-1 programme package by SWOFFORD & SELANDER (1989) . The Nei-distances calculated in pairwise comparisons of populations were used as a matrix for the construction of an UPGMA dendrogram after SNEATH & SOKAL (1973) . Bootstrap analysis was conducted with the PHYLIP programme package by FELSENSTEIN (1986-95) .
The bootstrap values (given as percentages) are estimates of 1000 replicates with UPGMA as cluster algorithm and an unrooted consensus tree. The following population samples ( Fig. 1) were examined electrophoretically (number of specimens in brackets) : Glomeris connexa: Germany: Grafenau (5), Oberau (5), Austria: Landeck (2), Switzerland: Lago di Poschiavo (6), Leggia (13), San Salvatore (4), Monteggio (7), St-Gingolph (12), France: Mont Salève LE (1), Italy: Glurns (12), Castino (11), Aulla (6), Lucca (2), Bibbona (9); G. guttata: France: Entrevaux (14), Malaussène (10); G. tetrasticha: Germany: Spiegelau (4), Switzerland: Ramosch (2), Deitinger Wald (13), Vorderdettigen (13), Bern B (16), Bern H (12); G. valesiaca: Switzerland: Fleurier (14), Pfynwald (13), Sion (15), Saxon (16), Dorénaz (14), France: Mont Salève MO (5), Serres (11), Peyruis (16), Puget (16), Mérindol (4), Orgon (15), Rougiers (5). Bern H and Bern B are two localities in the same wood, and Mont Salève LE and Mont Salève MO are two localities on the same mountain. In both cases, the two localities are less than 1 km apart. Data from some small samples that have also been analysed electrophoretically were included in the distribution maps (additional solid symbols in Fig. 1) . Usually, only the ventral parts of the specimen's body were used for electrophoretic analysis, and the tergites were preserved in 70% ethanol. Therefore, most of the above mentioned specimens were also used for morphological analysis: examination of number and kind of grooves on collum and shield, and form and size of the light spots on all tergites. In addition, the following ethanol preserved samples of A. Pedroli-Christen's collection (all Swiss material) at the Musée d'histoire naturelle in Neuchâtel MHNN (Switzerland) were examined for the same characters (number of specimens in brackets): G. tetrasticha: Ramosch (9) (leg. Thaler), Ossingen Husmersee (20), St-Ursanne (5) (leg. Thorens), G. valesiaca: Châtoillon (20), Barrage Dixence (6). One male of each of these five samples was taken to examine the telopods. Samples (from the same collection) of another 13 and 16 localities of G. tetrasticha and G. valesiaca, respectively (open symbols in Fig. 1) , and additional material of our collection were used for providing distribution maps. One specimen of each species or form was used to illustrate the colour patterns (Figs. 3-5 ).
RESULTS AND DISCUSSION
Taxonomic studies and revisions in Glomeris are complicated by the fact that no type material was indicated in the Glomeris literature until the mid of the 20th century. In any case, however, type material cannot be used for allozyme studies because it is usually preserved in ethanol that destroys enzyme activity. We therefore collected new material in the areas occupied by the taxa concerned and we depend for identification on morphological characters that are outlined in the original descriptions. Fig. 39 ) probably belongs to one of these taxa (see list at the end of this section). Some other taxa that were described by VERHOEFF and LATZEL have subsequently been placed in other species or raised to species rank. These taxa do not belong to the species considered here and are, therefore, not mentioned. VERHOEFF (1911) then definitively treated G. tetrasticha and G. connexa as two separate species, but called them G. connexa and G. guttata, respectively. Unfortunately, most later authors followed VER-HOEFF's erroneous taxonomy. VERHOEFF (1911) separated G. connexa into two subspecies (G. guttata guttata and G. g. fagivora) which may be justified because of separate glacial refugia. He also described G. saussurei from the Var Valley. This taxon is synonymous with G. guttata because G. guttata is the only species found there with the particular features. In contrast, according to described morphological characters, G. saussurei paeninsulae , from Antibe peninsula is very probably conspecific with the southern group of G. valesiaca. VERHOEFF (1911) also introduced G. esterelana from the Esterel Mountains which is conspecific with the southern group of G. valesiaca as our allozyme data will show. The only discriminating character is the confluent spots of esterelana that are well separated in the southern group of G. valesiaca. If the northern group of G. valesiaca and the southern group prove to be distinct species, then the southern group should be named G. paeninsulae (alternatively G. esterelana, if the population from Antibe peninsula proves not to be conspecific with the southern group). BROLEMANN (1924) attempted to revise G. guttata. This revision, however, contains two errors. First, he stated that RISSO had named the specimens around Nice G. guttata. Consequently, he regarded G. saussurei as a subspecies of G. guttata. He therefore placed G. saussurei paeninsulae in synonymy with G. guttata.
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Latreille, 1804, is in fact a synonym of G. connexa, representing a dark specimen with lost outer spots, but still showing the longitudinal light spots on the last tergite and white borders at the outer edges of the middle tergites. The latter character is the antimelanistic constant sensu VERHOEFF (1911) of G. connexa. Although G. albocincta was described before G. connexa (p. 90 compared to p. 97, respectively), we propose to name this taxon G. connexa because this name is the better known and because it is based on a normally coloured specimen. Unfortunately, however, G. connexa is not the name used longest for this taxon, but see below. Another taxon, G. ovatoguttata C. L. Koch (1884), but his G. connexa aberr. tenebrosa is a G. connexa. He also synonymized carpathica with G. connexa var. tetrasticha (in fact G. tetrasticha) and added two other conspecific taxa. Finally, he introduced G. ambigua that shows the colour pattern of G. tetrasticha and the notch in the last tergite of G. hexasticha. As he already indicated, these specimens might be hybrids of the mentioned species. In 1893, DE SAUSSURE described a taxon from Mont Salève near Geneva named after its deceased collector and illustrator (Aloïs Humbert) G. humbertiana. DE SAUSSURE presumably was unaware of C. L. KOCH's publications because his taxon has the same longitudinal bands on the middle tergites and the same longitudinal spots on the last tergite as G. connexa, and is therefore conspecific with the latter (confirmed by our allozyme data as shown below). ROTHENBÜHLER (1899) introduced G. connexa var. valesiaca that is distinguished from G. tetrasticha (which he called G. connexa var. alpina) by having only 2-3 grooves instead of 6-10 on the shield. Our allozyme data show that these taxa are two distantly related species. Therefore, valesiaca must be raised to species rank.
It is evident from the original description (see above) that this is not correct. Secondly, he replaced G. guttata Verhoeff by G. verhoeffi. Thus he ignored Koch's G. connexa which would be the correct name for that taxon. BROLEMANN's statement was ignored by several later authors, in particular by VERHOEFF. In 1926, ATTEMS presented his key to the varieties of several Glomeris species. In contrast to VERHOEFF, he followed more strictly the original descriptions of the old names, but he kept G. connexa and G. tetrasticha as one species under the former name. Thus, he treated G. tetrasticha as G. connexa carpathica. He also introduced some southern and eastern taxa (e.g. G. connexa alpina var. fraterna, G. connexa alpina var. aspromontina) which probably do not belong to the species that are dealt with here. G. connexa carpathica var. gallica from Grenoble and Transylvania may be of special interest. While the specimen(s) from the former locality is (are) conspecific with G. valesiaca, the specimens from the latter region most probably belong to a different species; the higher number of grooves (see p. 26 ibid.) are supposed to be from the latter. With the aid of BROLEMANN, SCHUBART (1929) listed the diplopod species of France. He listed G. connexa (as G. connexa alpina var. humbertiana) and G. valesiaca (as G. connexa carpathica var. gallica) as conspecific, although these very distinct taxa were mentioned from the same locality (Grenoble). Additionally, his taxonomy (p. 136) of G. guttata is in part erroneous. While he correctly synonymized G. saussurei with G. guttata, he installed G. guttata saussurei for G. saussurei peninsula (sic), which is not correct. Later, VERHOEFF (1930, 1932, 1936, 1937a, 1937b, 1942) added two subspecies and five varieties of G. connexa and one variety of G. tetrasticha. Among these, G. guttata var. limonensis Verhoeff, 1930 , from the Piemontese Maritime Alps apparently has a similar colour pattern as G. humbertiana from Savoy. This may indicate a path of colonization of Savoy from Piemont in G. connexa (see section "Allozyme data"). VERHOEFF (1938) explicitly noted, that a species (G. valesiaca) found in Valais is distinct from his G. connexa (G. tetrasticha) in Northern Switzerland, but he did not name it. DEMANGE (1981) and PEDROLI-CHRISTEN (1993) named the former species Glomeris "connexa" in order to indicate that there is a taxonomic problem. In PEDROLI-CHRISTEN (1993) , G. tetrasticha and G. valesiaca have not been treated separately. We have checked her material and show the distribution of both species in detail (Figs. 1 & 6) . A reliable distinction between G. valesiaca and G. guttata in Southern France, however, was only possible by applying allozyme data. Morphological characters that are useful for distinguishing between these three species, viz. G. guttata, G. tetrasticha and G. valesiaca, are provided in the "Key" below. Because G. connexa specimens from Ticino usually are darkened, PEDROLI-CHRISTEN (1993) listed G. verhoeffi from Ticino and G. humbertiana from Lake Geneva as two different species. Our allozyme data, however, indicate that these taxa are conspecific. The following list contains names that could not be associated with certainty to one of the four species revised above -further investigation on these names is required. 
Allozyme data
The genetic relationships among and within the four taxa, viz. Glomeris connexa, G. guttata, G. tetrasticha and G. valesiaca, have been analysed. Additionally, we indicate the discriminating enzyme loci for a separation of the species, taking into account the specific allele distributions. Tab. 1 shows the allele frequencies of 14 informative loci out of 18 loci analysed. The remaining four loci are not informative for different reasons: In nearly all populations of the four species, loci Aat-2 and Gpi are monomorphic and fixed for the same alleles (Aat-2 100 and Gpi 100 ). At locus Mdh-2, there is an obvious variability, however, the alleles involved cannot be scored with sufficient accuracy (broad bands in a narrow zone). At locus Lap, many specimens failed to show activity which suggests that a null allele is involved. The 14 informative loci except Ldh-2 and Mpi also provide diagnostic differences between the four species (Tab. 2). The UPGMA dendrogram (Fig. 2) consists of three well distinct clusters with bootstrap values >70, viz. first G. tetrasticha, second G. valesiaca and G. guttata, and third G. connexa. All these clusters are subdivided. G. tetrasticha is subdivided into a cluster comprising all Swiss populations -they have low genetic distances between 0.01 and 0.05 -and a separate branch with the population Spiegelau (Bavarian Forest) that shows an average genetic distance of 0.16 from the other populations. The two branches represent different parts of the range, the German Highlands and the Northern Alps with the adjacent Swiss Plateau, respectively. The two parts of the range may presently be connected in the Basel region (Fig. 6b) . At most loci, allele composition and frequencies are similar in the two population groups. But at the locus Aat-1, the two groups are well distinct: the alleles Aat-1 102 and Aat-1 93 are both present in all but the smallest sample of the Swiss group, but they are absent in the Spiegelau population where three other alleles are found (Tab. 1). Genetic drift in the disjunctly distributed populations may have lead to the preservation of different alleles, in particular at a rather polymorphic locus like Aat-1 (compare e.g. G. connexa in Tab. 1). These two population groups are very probably conspecific. However, samples from the area between these groups that would confirm whether gene flow occurs between them, were not available. There are also minor morphological differences (see "Variability and additional characters") which do not disagree with a conspecificy of the German and the Swiss populations because these may result from a separation in different refugia during the last Ice Age. The German population may have passed the last Ice Age in its present range, while the Swiss populations must have colonized their present localities, which were covered with ice, postglacially from the east (Fig. 6b) . Postglacial colonization of the Swiss sites from a single refuge would also account for the low differentiation observed between these populations (Fig. 2) . The second cluster is more subdivided. The clusters of the two species, G. valesiaca and G. guttata, are supported by bootstrap values >70 and are separated at a Nei distance level of 0.50. G. valesiaca is separated into a northern and a southern group. The subcluster of Tab. 2. Compilation of the loci that distinguish conspecific population groups (diagonal) and the diagnostic loci for each pair of species (above diagonal).
Fig. 2. UPGMA dendrogram of Glomeris connexa, G. tetrasticha, G. valesiaca and G. guttata populations, based on Nei's distance D.
the northern populations is compact in contrast to the subcluster of the southern populations. In addition to their geographic distribution (Fig. 1) , these groups also differ in morphological characters (see "Key"). Specimens from the Serres population show a slight transition in morphology towards the northern population group. This is, however, not supported by the allozyme data. At the Aat-1 locus, all populations of the southern group have alleles Aat-1 107 and Aat-1 100 (Tab. 1), five other alleles are found in the northern group instead. Furthermore, at the Mpi locus, four alleles are found in the southern group, none of these is observed in the northern populations which are fixed for the allele Mpi 98 . There is a gap of about 200 km between our sampling sites of the northern and southern populations groups of G. valesiaca. According to ATTEMS (1926) , however, G. valesiaca has been found in this area (sub G. connexa alpina var. gallica). Allozyme analysis of samples from this gap will be necessary to definitely decide whether the northern and southern population groups are conspecific. If future studies show that they are separate species, then the southern species should be named G. paeninsulae or G. esterelana (populations from the loci typici of both taxa need to be checked for their conspecifity with the Provence populations). The Nei-distance D is 0.01-0.09 in comparisons of populations of the northern group, 0.08-0.36 in comparisons of populations of the southern group and 0.18-0.41 in comparisons of populations between both groups. Geographical and genetic distances correlate within each population group. Within the southern group, the Rougiers population has the largest distances from the other populations which is mainly due to different allele frequencies at the loci Mdh-1, Mpi and Sodh. The Rougiers sample is rather small (N = 5), however, the small sample size cannot be responsible for the differentiation recorded. These genetic distances correlate with the morphological differences between Rougiers and the other populations of the southern group (see "Variability and additional characters"). Because of the relatively large genetic distances within the southern group and because most localities of the studied populations were not covered with ice during the Pleistocene, colonization of the presently inhabited sites is assumed to have happened during the Pleistocene or earlier. In contrast, the northern population group of G. valesiaca probably passed the Ice Ages in a single refuge near Geneva. The third cluster consists of the disjunctly distributed species G. connexa. At present, this species is distributed in the foothills of the Alps and in other mountain chains in Central and Southern Europe (Fig. 6a) . Because of the large geographical distances and possibly also the long time of separation, there are large genetic distances observed among the disjunctly distributed populations that may result from genetic drift leading to alternative alleles. Several examples at six enzyme loci illustrate the gene pool structure (Tab. There is, however, no diagnostic locus for any population group. The interpretation of this cluster is rather problematic in some cases. Although literature data suggest an uninterrupted distribution of G. connexa from South Tyrol over Piemont to Central Italy (Fig.  6a) , the samples from that region do not form a subcluster in the dendrogram. However, some regional subclusters are observed: the Savoy populations, the Tuscany populations, the Ticino populations, and the Central Alpine populations from Oberau, Landeck and Glurns. Contrary to expectation, the Castino population is more distantly related to the Tuscany populations, with Nei distances ranging from 0.29 to 0.36. This might indicate that the Tuscany populations were isolated from the Alpine populations during the Ice Ages and that Liguria was recolonized from Piemont. This also would explain the isolated position of the Tuscany populations in the dendrogram. The Savoy populations form another subcluster. This is not unexpected because of their isolated geographic location. Possibly, the Upper Bavarian and Savoy populations have never been connected along the Northern Alps by populations between the Rhône and Rhine Rivers, similar to the situation found today. Most probably, Savoy was colonized from Piemont. This speculation is supported from similarities in colour patterns, as pointed out above (section "Taxonomy"). The subcluster that contains the populations from the Central Alps, viz. Oberau, Glurns and Landeck, may indicate that Upper Bavaria and Tyrol were colonized from the south, probably during an earlier interglacial. This would explain the relatively high genetic distances in this subcluster. The genetic distances are also relatively high in the subcluster of the Ticino populations which consequently would suggest that they originate from different refugia. The present distribution of G. connexa seems to be similar to the Pleistocene distribution, except in the Central Alps where the species has spread into the formerly ice covered valleys. Because of its present, fragmented range (Fig. 6a) , a larger, perhaps uninterrupted range may have existed before the Pleistocene. The four species differ in external morphology (cf. "Taxonomy" and "Key") and can also be distinguished by diagnostic enzyme loci (Tab. 2). At these loci, the respective species share no alleles. Some loci are diagnostic for one species and distinguish it from the three others; e.g. locus Hk is diagnostic for G. connexa, loci Aat-1, Me and Sodh are diagnostic for G. guttata, and loci Hk, Ldh-1 and Sod-1 are diagnostic for G. tetrasticha. The discovery of loci where two taxa share no alleles indicates that gene flow does not exist and that these taxa belong to different gene pools. If we apply the biological species concept (MAYR & ASHLOCK 1991), the allozyme data indicate specific distinctness of the respective taxa. In this case, sympatric populations are most informative. However, because G. tetrasticha and G. valesiaca obviously do not coexist if we consider what is presently known of their distribution and ecology, and because G. guttata seems to be allopatric to the three other species, sympatric populations of two species that could be directly tested for genetic isolation are not available in four of six cases. But we found sympatric occurence of two species in the two remaining cases (one locality each). At these sites, the diagnostic loci clearly show that the taxa involved have separate gene pools: Oberau with G. connexa and G. tetrasticha, and Mont Salève with G. connexa and G. valesiaca, respectively. For G. connexa, these two samples are both from terrae typicae (Upper Bavaria for the nominate form and Mont Salève for what was named G. humbertiana). The fact that G. connexa and G. valesiaca have only one diagnostic locus separating them, may be due to the high genetic diversity in the disjunctly distributed populations of both species that increases the total number of alleles at any locus. Four diagnostic loci separate the morphologically similar species G. valesiaca and G. guttata. Considering the small geographic distance between the areas of G. guttata and the southern population group of G. valesiaca, the chance for contact and thus for interbreeding may have existed formerly. However, evidence for introgression is not found at these loci. Furthermore, bootstrap analysis confirms the separation of these two taxa. G. tetrasticha and G. guttata are geographically widely separated. The large number of diagnostic loci, resulting in a large genetic differentiation, indicates that these two taxa have developed separately for several million years. Finally, we conclude that among the four species studied, only G. valesiaca and G. guttata are closely related. They may have originated from an allopatric speciation event but are not necessarily sister species. G. connexa and G. tetrasticha, however, have independent origins and have evolved separately for a long time.
Morphology
In order to redescribe the four treated species and to emphasize the relevant morphological characters for a safe identification, we compare them in a dichotomous key and provide additional details and consider variability of the characters in a separate section. The telopods of G. tetrasticha and G. valesiaca show only minor differences, which are probably of no importance in the case of an interspecific copulation (HAACKER 1969) . Other factors (biochemical and cytological) are assumed to function as isolating mechanisms in the genus Glomeris (cf. e.g. DEMANGE 1981) .
Key
1 Inner light spots of the middle tergites usually parallel sided, extending from the back edge of the segment to the anterior segment, thus forming two longitudinal bands (Fig. 5a) . In their continuation, the spots of the last tergite are also parallel to the body axis and usually extend from the front to the back edge, covering more than half of the area, often connected (Fig. 4a ). If these spots are connected, the dark pigment is restricted to two large triangular spots on the outer edges and to two small median triangular spots (one on the front, the other on the back edge) with their tips against each other. Outer light spots of the middle tergites relatively large, transverse, trapezoidal or triangular, pointing outwards, on the outside separated from the wide white side edge by a narrow dark line, thus the flanks appearing widely bright (Fig. 3a) . Glomeris connexa 1* Inner light spots of the middle tergites never forming two longitudinal bands. Last tergite with two oblique or transverse light spots which are usually not confluent. Outer light spots of the middle tergites transverse, but never with a wide white side edge outside the dark line. 2 Outer light spots of the middle tergites usually hook-shaped ( Fig. 3b-d ). Central and Eastern Europe. 2* Outer light spots of the middle tergites transverse oval to triangular, pointed outside (Fig. 3e, g ). Southeastern France.
3 Shield with 6-10 (usually 7) grooves, of which 1-3 (usually 2) are anterior grooves, 1-4 (usually 2) are principal grooves, and 2-5 (usually 3) are accessory grooves. Usually, the first accessory groove lies between the two principal grooves. Collum usually with two roundish light spots (Fig.  5c ). Outer light spots of the shield usually transverse. Inner light spots of the shield longitudinally rectangular or roundish (Fig. 5c) . Inner light spots of the middle tergites extended inwards at their hind edge. These spots usually connected on each tergite by a white clasp on the prozonite that is visible when the animal is coiled up. This clasp consists of two triangular spots which join the front edge of the tergite having the outer sides parallel to the body axis (Fig. 3b) . Spots of the last tergite bean-shaped, oblique, covering about one third of the area (Fig. 4c ). Ground colour: black; rufinos are rare. Hydrophilous. Glomeris tetrasticha 3* Shield with 1-3 grooves (usually 3), of which 1-2 (usually 2) are principal grooves, and 0-2 (usually 1) are accessory grooves; no anterior groove. Never with an accessory groove between the principal grooves. Collum without distinct spots. Outer light spots on the shield about as long as wide, roundish. Inner light spots of the shield transversely triangular (Fig. 5d, e) . Inner light spots of the middle tergites extended outwards at the hind edge, triangular. These spots are usually connected on each tergite by a white clasp on the prozonite that is visible when the animal is coiled up. This clasp consists of two horn-shaped, outward turnded spots with their base at the front edge of the tergite (Fig. 3c, d) . Spots of the last tergite crescent-shaped to triangular, transverse, joining the back edge, covering about half of the area (Fig. 4d, e ). Ground colour: dark brown, rarely beige. Xerophilous. Glomeris valesiaca (northern group) 4 Shield with 3-6 grooves (usually 3), of which 1-3 (usually 2) are principal grooves, and 0-3 (usually 1) are accessory grooves (if 3 accessory grooves are present, the first accessory groove is between the two principal grooves, if 1 or 2 accessory grooves are present, they are behind the principal grooves); usually no anterior groove. Collum usually unmarked, but sometimes with a more or less large, transverse light spot (Fig. 5f) . Spots of the last tergite crescent-shaped to triangular, transverse, joining the back edge, often confluent, covering about half of the area (Fig. 4f) . Inner light spots of the middle tergites (often only on the anterior tergites) usually connected on each tergite by a white clasp on the prozonite that is visible when the animal is coiled up. This clasp usually consists of a transverse band that joins the front edge of the tergite (Fig. 3e) . Dauphiné and Provence. Glomeris valesiaca (southern group) 4* Shield with 2-4 (usually 3) grooves, of which 2-3 (usually 3) are principal grooves, and 0-1 (usually none) accessory groove; no anterior groove. Collum never with light spots. Spots of the last tergite transversely egg-shaped, well separated from the hind edge of the tergite (Fig. 4b) . Inner light spots of the middle tergites never connected to the white clasp on the prozonite that is visible when the animal is coiled up. This clasp is a transverse band that joins the front edge of the tergite, and is always present but occasionally weakly expressed (Fig. 3g) . Var Valley and Maritime Alps.
Glomeris guttata
Revision of Glomeris guttata and G. connexa 
Variability and additional characters
• Glomeris connexa C. L. Koch, 1847 Shield with 4-7 (usually 5) grooves, of which 0-2 (usually 1) are anterior grooves, 1-2 (usually 1) are principal grooves, and 2-5 (usually 3) are accessory grooves. Specimens from Bibbona usually only with 2 and specimens from Grafenau often with 5 accessory grooves. 4 anterior grooves (an occasional asymmetry) result from an incorrect branching of the principal groove. Collum with 2 grooves, posterior groove occasionally incomplete, occasionally a partial third groove present. Collum without distinct spots (not to be confused with muscular insertions), except in Savoy where usually two longitudinal light spots are present.
Outer light spots of the shield strongly transverse, often quadrangular. Inner light spots of the shield oblong trapezoid to triangular (Fig. 5a ), in Savoy often extending from the back to the front edge. When coiled up, the inner light spots of the middle tergites are carried on on the prozonite with white spots that broaden inwardly towards the front edge, almost touching each other (Fig. 3a) . Darkened specimens are predominant in Ticino and frequent in Tuscany. In these specimens, the inner light spots of the middle tergites and the two spots of the last tergite are completely bordered by dark pigment or even absent. The white outer borders of the middle tergites (Fig. 3a) remain bright even in the darkest specimens. Ground colour: brown to black. Light spots: orange to red-orange, in Ticino also lightbrown to beige, in the Bavarian Forest yellow-olive. Size: males up to 6 mm, females up to 7 mm wide; larger in the south than in the north.
• Glomeris guttata Risso, 1826
The first principal groove exceptionally missing, and the accessory groove occasionally between the first and the second principal groove. Collum usually with two grooves, posterior groove occasionally incomplete. Light spots of the other tergites rather small, transversely oval to triangular or egg-shaped. On the last tergite, the light spots cover only about a quarter of the area. Ground colour: black. Light spots: red-orange to red. Size: males up to 5 mm, females up to over 6 mm wide.
• Glomeris tetrasticha Brandt, 1833
Specimens from the Bavarian Forest usually have 4 accessory grooves. Collum with 2 grooves, posterior groove occasionally partly or completely absent. Light spots: dirty yellow. Size: males up to 4 mm, females up to 5 mm wide.
• Glomeris valesiaca Rothenbühler, 1899
Northern group: Specimens from Mont Salève usually have only one principal and one accessory groove and thus only 2 grooves on the shield. Occasionally, one anterior groove may be present, resulting from incorrect branching of the first principal groove. At Sion, many specimens show a beige ground colour (possibly a heat adaptation) (Figs. 3d, usually with 2 grooves, posterior groove occasionally not fully developed, sometimes missing. Collum usually unmarked (not to be confused with muscular insertions), but sometimes (in Orgon always) with a more or less large, transverse light spot ( Fig. 5f ) (occasionally split into two spots). Outer light spots of the shield about as long as wide, roundish. Inner light spots of the shield transversely oval to triangular (pointing outwards) (Fig. 5f ), light spots of the middle tergites similar shaped. Only in the Serres population, the clasp is formed of horn-shaped outwardly turning spots (as in Fig. 3c ). Ground colour: brown-black. Light spots: dirty yellow, yellow-orange, orange, orange-red to red (in f. esterelana), usually yellow-orange. Specimens of f. esterelana have the two spots on each side of each segment (Fig. 3f, 5g ) and the two spots of the last tergite ( Fig. 4g ) confluent (we also found such a f. esterelana specimen in Peyruis); the inner spots of the shield may also be confluent. Size: males up to 5 mm, females up to 7 mm wide.
